4 



1 



6444 



OPTICAL PICK-UP DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates to an optical pick-up 
device, particularly, to an optical pick-up device by which 
the recording and/or reproducing of the information can be 
conducted in higher density. 

In the optical pick-up device by which the recording 
and/or reproducing of the information can be conducted for 
the optical disk such as DVD (Digital Versatile Disc), to 
record and/or reproduce higher-densif ied information, it is 
necessary that a recording pit is small-sized, and therefore, 
it is necessary that a light converging spot is small-sized. 
Herein, when a light source wavelength is X, and a numerical 
aperture of an objective lens is NA, because a spot diameter 
CO is in proportion to X/NA, to make a light converging spot 
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small, it is necessary that the wavelength is shortened, or 
the numerical aperture is enlarged. 

However, in the lens whose numerical aperture is large, 
for the ray of light of the peripheral portion in which 
particularly the NA in light flux is high, because the light 
incident angle on an objective lens is increased, the 
reflection amount from the optical surface is increased, and 
by the lowering of the transmission factor • peripheral light 
amount, there is a possibility that a good light converging 
spot can not be formed. 

In the optical system of the optical pick-up device, 
when the light intensity of the peripheral portion of the 
light flux, that is, high NA portion, is lowered, a bad 
influence is affected on the formation of the light 
converging spot (to obtain a required spot diameter) . As 
described above, because the spot diameter CO is in 
proportion to X/NA, in a flow of high densif ication of the 
recent optical information recording medium, to obtain the 
smaller spot diameter, when the blue violet laser light 
source is used, the bad influence on the spot by the lowering 
of the peripheral light intensity is particularly 
conspicuous . 
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Further, when the diffraction ring-shaped zone whose 
section in the optical axis direction is saw-toothed shape, 
is provided on the objective lens for the purpose to realize 
the interchangeability of the different optical information 
recording media or to increase the aberration characteristic, 
there is lowering of the peripheral light amount by the 
eclipse (a phenomenon in which, when the diffracted light 
crosses the circular groove, it does not contribute the light 
converging) or the production error (transfer failure of the 
diffraction ring-shaped zone called sagging) , in its 
structure. Further, in the case of the objective lens by 
which the interchangeability of the different optical 
information recording media is realized by using the 
diffraction ring-shaped zone, as compared to an exclusive use 
objective lens, generally, there is a lowering of the light 
amount . 

In addition to that, because generally, the light flux 
projected from the laser light source such as a semiconductor 
has originally almost Gaussian light intensity distribution 
(a distribution in which the light intensity is gradually 
lowered as it advances from the center to the periphery) , the 
light intensity is lowered in the peripheral portion of the 
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light flux, however, as much as it is high NA lens, this 
tendency is emphasized. 

For such a problem, when the light flux projected from 
the semiconductor laser light source is incident, so-called a 
light intensity distribution conversion element by which the 
light intensity of about Gaussian distribution is converted 
into almost equalized light flux, and it is projected, is 
well known (refer to Patent Document 1) . 
[Patent Document 1] 

Patent No. 3370612 specification. 

When such an element is applied to the optical pick-up 
device, even when the light flux projected from the light 
source has the light intensity of an about Gaussian 
distribution, when, before it is incident on the objective 
lens, it is made the equalized light intensity, it is even 
considered that the above-described problem can be solved. 
However, for example, in the optical pick-up device, when the 
light intensity distribution of the light flux incident on 
the objective lens is equalized, it is found that there is a 
possibility in which the side-robe of the spot light light- 
converging on the information recording surface is too large, 
on the contrary, the certainty of the information recording 
and/or reproducing is lowered. 
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SUMMARY OF THE INVENTION 

In view of such a problem, the present invention is 
attained, and when the light flux is made incident on the 
objective lens under the condition that the light intensity- 
distribution of the light flux projected from the light 
source is optimized, the optical pick-up device by which the 
recording and/or reproducing of the information is securely 
conducted for the optical information recording medium, is 
provided. 

Because an optical pick-up device written in item 1 
has, in an optical pick-up device by which the reproducing 
and /or recording of the information is conducted for the 
optical information recording medium by using the light flux 
projected from the light source whose wavelength is 200 - 700 
nm, a light intensity distribution conversion element by 
which the light intensity of the projected light passing the 
outmost peripheral portion of the effective diameter changes 
the light flux which is incident from the light source, and 
whose light intensity distribution is about Gaussian 
distribution, to a desired light intensity distribution 
between 45 - 95 % of the light intensity of the projected 
light passing the optical axis position, and an objective 
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optical element by which the light flux projected from the 
light intensity distribution conversion element is converged 
on the information recording surface of the optical 
information recording medium, when the peripheral light 
amount of the light flux incident on the objective optical 
element, is increased by the light intensity distribution 
conversion element, in an optimum range, considering the 
side-robe and spot diameter, the recording and/or reproducing 
of the information can be more securely conducted for the 
optical information recording medium. 

Fig. 6(a) is a view showing the relationship between a 
change of the peripheral intensity ratio (a ratio of the 
light intensity of the periphery to the central light 
intensity) in the spot light and the beam diameter, and Fig. 
6(b) is a view showing the relationship between a change of 
the peripheral intensity ratio in the spot light and the 
side-robe. As shown in Fig. 6(a), as the peripheral 
intensity ratio of the spot light is increased, a beam 
diameter can be suppressed small, however, on the one hand of 
it, when the peripheral intensity ratio of the spot light is 
increased, the side-robe becomes large, for example, when the 
peripheral intensity ratio is 100 %, the increasing ratio of 
the side-robe is increased by about 1.8 %, and there is a 
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possibility that a bad influence is affected on the recording 
and/or reproducing of the information. In contrast to this, 
according to the present invention, when the peripheral 
intensity ratio is made not smaller than 45 %, the beam 
diameter is suppressed small, and when the peripheral 
intensity ratio is made not larger than 95 %, an increase of 
the side-robe is suppressed, thereby, the recording and/or 
reproducing of the information can be adequately conducted. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an outline sectional view of an optical pick- 
up device according to embodiments of the present invention. 

Fig. 2 is a sectional view of a beam expander according 
to the present embodiment. 

Fig. 3 is a view showing the characteristic of the beam 
expander . 

Fig. 4 is a sectional view of a correction lens which 
is a light intensity distribution conversion element 
according to another embodiment. 

Fig. 5 is a view showing the characteristic of the 
correction lens. 

Fig. 6(a) is a view showing the relationship between a 
change of the peripheral intensity ratio . in a spot light and 
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a beam diameter, and Fig. 6(b) is a view showing the 
relationship between a change of the peripheral intensity 
ratio in the spot light and a side-robe. 

DETAILED DESCRIPTION OF THE PREFERE^D EMBODIMENT 

Hereinafter, the preferable embodiment of the invention 
will be explained. 

As to an optical pick-up device written in item 2, in 
the invention written in item 1, the light intensity 
distribution conversion element satisfies the following 
expression when the light intensity in the vicinity of the 
effective diameter outermost peripheral portion in an 
incident light is A, the light intensity at the optical axis 
position is B, the light intensity in the vicinity of 
effective diameter outermost peripheral portion in the 
projected light is C, and the light intensity at the optical 
axis position is D. Hereupon, the effective diameter 
outermost peripheral portion is defined as a diameter 
determined by a predetermined stop in the optical pick-up 
device . 

1.2 < {C/D)/(B/A) < 1.5 

Because an optical pick-up device written in item 3 
has, in the optical pick-up device by which the reproducing 
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and/or recording of the information is conducted for the 
optical information recording medium by using the light flux 
projected from the light source whose wavelength is 200 - 700 
nm, a light intensity distribution conversion element by 
which the light intensity of the projected light passing the 
effective diameter outermost peripheral portion changes the 
light flux whose light intensity distribution is about 
Gaussian distribution, which is incident from the light 
source, to a desired light intensity distribution between 45 
- 95 % of the light intensity of the projected light passing 
the optical axis position, and an objective optical element 
by which the light flux projected from the light intensity 
distribution conversion element is light-converged on the 
information recording surface of the optical information 
recording medium, and on the optical function surface of the 
objective optical element, it is provided with an optical 
path difference grant ring-shaped zone structure, formed of 
the ring-shaped zone around the optical axis, and structured 
so that a predetermined optical path difference is given each 
other to the light flux passed each ring-shaped zone, when, 
by the light intensity distribution conversion element, the 
peripheral light amount of the light flux incident on the 
objective optical element is increased in an optimum range 
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considering the side-robe and spot diameter, the recording 
and/or reproducing of the information can be more securely 
conducted for the optical information recording medium. 
Further, by the optical path difference grant ring-shaped 
zone structure, the chromatic aberration correction at the 
time of information recording and/or reproducing, spherical 
aberration correction when the optical information recording 
media whose protective layer thickness is different, are 
used, and the spherical aberration correction due to the 
refractive index change of the objective optical element by 
the temperature change, can be conducted. 

In the optical pickup apparatus of item 1, it is 
preferable that the optical intensity converting element 
transforms a light intensity distribution having about 
Gaussian distribution of a light flux emitted by the light 
source into a desired light intensity distribution wherein a 
light intensity of an outgoing light passing through an 
outermost periphery of an effective aperture becomes 60 % - 
80 % of a light intensity of an outgoing light passing 
through an optical axis position. Therefore, the side-robe 
doesn't exceed 1.7% and it prevents the optical pickup 
apparatus from recording information on a neighboring track 
at the time of information recording. 
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As to an optical pick-up device written in item 4, in 
the invention written in item 3, the light intensity 
distribution conversion element satisfies the following 
expression, when the light intensity in the vicinity of the 
effective diameter outermost peripheral portion in the 
incident light is A, the light intensity at the optical axis 
position is B, the light intensity in the vicinity of the 
effective diameter outermost peripheral portion in the 
projected light is C, and the light intensity at the optical 
axis position is D. 

1.2 < (C/D) /(B/A) < 1.5 

As to the optical pick-up device written in item 5, in 
the invention written in item 3 or 4, the optical path 
difference grant ring-shaped zone structure is at least one 
of the diffraction structure, phase structure, and multi- 
level . 

Because an optical pick-up device written in item 6 
has, in the optical pick-up device by which the reproducing 
and/or recording of the information is conducted for the 
optical information recording medium by using the light flux 
projected from the light source whose wavelength is 200 - 700 
nm, a light intensity distribution conversion element by 
which the light intensity of the projected light passing the 
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effective diameter outermost peripheral portion changes the 
light flux whose light intensity distribution is about 
Gaussian distribution, which is incident from the light 
source, to a desired light intensity distribution between 45 
- 95 % of the light intensity of the projected light passing 
the optical axis position, and an objective optical element 
by which the light flux projected from the light intensity 
distribution conversion element is light-converged on the 
information recording surface of the optical information 
recording medium, and an objective optical element whose 
numerical aperture is not smaller than NA 0.55 by which the 
light flux projected from the light intensity distribution 
conversion element is light-converged on the information 
recording surface of the optical information recording 
medium, when, by the light intensity distribution conversion 
element, the peripheral light amount of the light flux 
incident on the objective optical element is made increased 
in an optimum range considering the side-robe and spot 
diameter, the recording and/or reproducing of the information 
can be more securely conducted for the optical information 
recording medium. Further, when a NA not smaller than the 
numerical aperture NA 0.65 is attained, the high density 
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recording and/or reproducing of the information can be 
conducted. 

As to an optical pick-up device written in item 7, in 
the invention written in item 6, the light intensity 
distribution conversion element satisfies the following 
expression, when the light intensity in the vicinity of the 
effective diameter outermost peripheral portion in the 
incident light is A, the light intensity at the optical axis 
position is B, the light intensity in the vicinity of the 
effective diameter outermost peripheral portion in the 
projected light is C, and the light intensity at the optical 
axis position is D. 

1.2 < (C/D) /(B/A) < 1.5 

As to the optical pick-up device written in item 8, in 
the invention written, in any one of items 1 to 7, because a 
collimator element by which the finite light flux is incident 
and the infinite light flux is projected, is arranged between 
the light source and the light intensity distribution 
conversion element, a degree of freedom of the design work of 
the light intensity distribution conversion element is 
increased. 

As to the optical pick-up device written in item 9, in 
the invention written in items 1 to 7, because the light 
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intensity distribution conversion element is a component of a 
beam expander, the number of parts of the optical system is 
reduced. 

As to the optical pick-up device written in item 10, in 
the invention written in item 9, because one of components of 
the beam expander is displaceable in the optical axis 
direction, and has a spherical aberration correction 
function, the recording and/or reproducing of the information 
can be more adequately conducted- 

As to the optical pick-up device written in item 11, in 
the invention written in item 9, because one of components of 
the beam expander is fixed in the optical axis direction and 
has an optical path difference grant structure, the recording 
and/or reproducing of the information can be more adequately 
conducted. 

As to the optical pick-up device written in item 12, in 
the invention written in any one of items 9 to 11, the beam 
expander is a Keplerian type. For example, because the 
Keplerian type beam expander uses 2 positive lenses as 
components, there is an advantage that each lens estimation 
is easy. 

As to the optical pick-up device written in item 13, in 
the invention written in any one of items 9 to 11, the beam 
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expander is a Galilean type. For example, in the Galilean 
type beam expander, by the lens composition of negative lens 
and positive lens, even when each lens power is small, 
because the space-saved arrangement becomes possible, it is 
advantageous for the size reduction of the optical pick-up 
device . 

As to the optical pick-up device written in item 14, in 
the invention written in any one of items 1 to 13, because 
the light intensity distribution conversion element is a 
component of the beam shaper, the niimber of parts of the 
optical system is reduced. 

As to the optical pick-up device written in item 15, in 
the invention written in any one of items 1 to 14, because 
the coma is corrected when the objective optical element is 
inclined to the optical axis, the recording and/or 
reproducing of the information can be more adequately 
conducted. 

As to the optical pick-up device written in item 16, in 
the invention written in any one of items 1 to 15, because 
the chromatic aberration correction element is provided, the 
recording and/or reproducing of the information can be more 
adequately conducted. 
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As to the optical pick-up device written in item 17, in 
the invention written in any one of items 1 to 16, because 
the light intensity distribution conversion element is a 
separated body from the objective optical element, and 
because the light intensity distribution conversion element 
and objective optical element can be separately designed, a 
degree of freedom of the design work is increased. 

As to the optical pick-up device written in item 18, in 
the invention written in any one of items 1 to 17, because, 
in the light intensity distribution conversion element, the 
light intensity ratio of the projected light flux to the 
incident light flux can be locally changed, for example, the 
arbitrary light intensity distribution adjusted for the 
characteristic of the light source can be obtained. 

As to the optical pick-up device written in item 19, in 
the invention written in any one of items 1 to 18, because, 
by using the light fluxes projected from a plurality of light 
sources, the recording and/or reproducing of the information 
is conducted for different optical information recording 
media, the optical pick-up device whose added value is 
higher, can be provided. 

As to the optical pick-up device written in item 2 0, in 
the invention written in any one of items 1 to 19, because 
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the objective optical element is formed of a plastic as the 
raw material/ it can be obtained in a large amount at low 
cost . 

As to the optical pick-up device written in item 21, in 
the invention written in any one of items 1 to 19, because 
the objective optical element is formed of glass as the raw 
material, even when there is an environmental change, a 
stable performance can be provided. 

In the present specification, the objective optical 
element indicates, in a narrow sense, an optical element (for 
example, a lens) having a light converging action, which is 
arranged so as to face the optical information recording 
medium at a position of the most optical information 
recording medium side, under the situation that the optical 
information recording medium is loaded in the optical pick-up 
device, and in a broad sense, it indicates an optical element 
which can actuate in at least its optical axis direction by 
an actuator, together with that optical element . 
Accordingly, in the present specification, the numerical 
aperture NA on the optical information recording medium side 
(image side) of the objective optical element, indicates the 
numerical aperture NA of the surface positioned on the most 
optical information recording medium side of the objective 
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optical element. Further, in the present specification, the 
necessary numerical aperture NA shows the numerical aperture 
regulated by the standard of respective optical information 
recording media, or to respective optical information 
recording media, corresponding to the wavelength of the light 
source to be used, the numerical aperture of the objective 
optical element of the diffraction limit performance by which 
the spot diameter necessary for conducting the recording or 
reproducing of the information can be obtained. 

The diffraction structure used in the present 
specification means a mode that, on the surface of the 
optical element, for example, on the surface of the lens, a 
relief is provided, and an action by which the light flux is 
light-converged or diverged by the diffraction, is given, and 
when there is areas in which the diffraction is generated and 
not generated in one optical surface, it means an area in 
which the diffraction is generated. As a shape of the 
relief, for example, on the surface of the optical element, 
it is formed as an almost concentric circular ring-shaped 
zone around the optical axis, and when its section is viewed 
in the plane including the optical axis, it is well known 
that each ring-shaped zone has a shape like a saw-tooth, and 
such a shape is included. 
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Referring to drawings, the present invention will be 
further detailed below. Fig. 1 is an outline sectional view 
of the optical pick-up device according to the embodiment of 
the present invention by which the recording/reproducing of 
the information can be conducted for all of the conventional 
DVD (also called the second optical disk) and CD (also called 
the third optical disk) . Hereupon, all of the first 
semiconductor laser 101, the second semiconductor laser 201, 
and the third semiconductor laser 301 have the light 
intensity of almost Gaussian distribution (which is reduced 
as it goes from the optical axis to the periphery) . 

In Fig. 1, in the light flux projected from the first 
semiconductor laser 101 (wavelength A.1 = 380 nm - 450 nm) as 
the first light source, after its beam shape is corrected by 
the beam shaper 102, it passes the first beam splitter 103, 
and is made parallel light flux by a collimator 104 which is 
a collimator element, it passes the second beam splitter 105, 
and is incident on a beam expander having the optical 
elements 106, 107. The beam expander (106, 107) at least one 
(preferably, optical element 106) of which can be moved in 
the optical axis direction, has a function which changes 
(herein, enlarges) the light flux diameter of the parallel 
light flux, and corrects the spherical aberration. Further, 
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on the optical surface of the other optical element 107 of 
the beam expander, the optical path difference grant 
structure (diffraction ring-shaped zone) is formed, and 
hereby, the chromatic aberration correction is conducted for 
the light flux projected from the first semiconductor laser 
101. The diffraction structure for the chromatic aberration 
correction may be provided not only to the optical element 
107, but also to the other optical element (collimator 104) . 

As described above, when the beam expander (106, 107) 
as the light intensity distribution conversion element is 
provided, the light intensity of almost Gaussian distribution 
can be changed to more optimum intensity distribution in the 
manner as will be described later, further, a chromatic 
aberration correction and spherical aberration correction can 
be conducted, and in addition to that, for example, in the 
case where the high density DVD has 2 layers of the 
information recording surfaces, when the optical element 106 
is moved in the optical axis direction, the information 
recording surface can be selected. The beam expander (106, 
107) is arranged in a common optical path through which the 
light fluxes from the second semiconductor laser 201, the 
third semiconductor laser 301, which will be described later, 
also pass. 
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In Fig. 1, the light flux transmitted the beam expander 
(106, 107) passes a stop 108, and by the objective lens 109 
which is the objective optical element formed of only the 
refractive surfaces, it is light converged on its information 
recording surface through the protective layer (thickness tl 
= 0.1 - 0-7 mm, preferably, 0.1 or 0.6 mm) of the first 
optical disk 110, and the light converging spot is formed 
here. Hereupon, the objective lens 109 may be formed of 
glass as a raw material, however, for a reason that the 
aberration deterioration generated due to environmental 
changes is arbitrarily corrected by the beam expander (106, 
107), because a limit of the required optical characteristic 
is softened, a lower cost plastic raw material can be used. 

Then, because the light flux modulated by the 
information pit on the information recording surface and 
reflected, passes again the objective lens 109, stop 108, and 
beam expander (107, 106), and is reflected by the second beam 
splitter 105, and the astigmatism is given to it in the 
cylindrical lens 111, it passes a sensor lens 112, and 
incident on the light receiving surface of a light detector 
113, a reading signal of the information recorded in the 
first optical disk 110 can be obtained. 
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Further^ by detecting the light amount change by the 
shape change, and position change of a spot on the light 
detector 113, the focusing detection or track detection is 
conducted. According to this detection, the two-dimensional 
actuator 120 integrally moves the objective lens 109 so that 
the actuator image-focuses the light flux from the first 
semiconductor laser 101 onto the information recording 
surface of the first optical disk 110. 

Further, in Fig. 1, the second semiconductor laser 201 
and the third semiconductor laser 301 are attached to the 
same substrate, and is made a single unit which is so-called 
2 laser 1 package. The light flux projected from the second 
semiconductor laser 201 as the second light source 
(wavelength X2 = 600 nm - 700 nm) passes a 1/4 wavelength 
plate 202, and the third beam splitter 203, and is reflected 
by the first beam splitter 103, and while the light flux 
diameter is stop-down by the collimator 104, it becomes 
parallel light flux, and passes the second beam splitter 105, 
and is incident on the beam expander (106, 107), and is 
converted into the finite divergent light flux having a weak 
divergent angle here. As described above, the beam expander 
(106, 107) can conduct the spherical aberration correction. 
Hereupon, to the collimator 104 as an aperture limit element. 
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a dichroic coating is given, and when the passing area of the 
light flux is limited corresponding to the wavelength, for 
example, for the light flux from the first semiconductor 
laser 101, the numerical aperture of the objective lens 109 
NA = 0.65 is realized, for the light flux from the second 
semiconductor laser 201, the numerical aperture of the 
objective lens 109 NA = 0.65 is realized, and for the light 
flux from the third semiconductor laser 301, the numerical 
aperture of the objective lens 109 NA = 0.45 is realized. 
However, a combination of numerical apertures is not limited 
to this. 

In Fig. 1, the light flux transmitted the beam expander 
(106, 107) passes the stop 108, under the finite divergent 
condition having a weak divergent angle, and is light 
converged through the protective layer (thickness t2 = 0.5 - 
0.7 mm, preferably, 0.6 mm) of the second optical disk 110' on 
its information recording surface by the objective lens 109 
formed of only refractive surface, and the light converging 
spot is formed here. 

Then, because the light flux modulated by the 
information pit on the information recording surface and 
reflected, passes again the objective lens 109, stop 108, 
beam expander (107, 106), second beam splitter 105, and 
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collimator 104, and is reflected by the first beam splitter 
103, and in succession, reflected by the third beam splitter 
203, and after that, the astigmatism is given by the 
cylindrical lens 204, and it passes the sensor lens 205, and 
is incident on the light receiving surface of the light 
detector 206, by using its output signal, the reading signal 
of the information recorded in the second optical disk 110' 
can be obtained - 

Further, the light amount change due to the shape 
change and position change of the spot on the light detector 
113 is detected, and the focusing detection or track 
detection is conducted. According to this detection, the 
two-dimensional actuator 120 integrally moves the objective 
lens 109 so that the light flux from the third semiconductor 
laser 301 is image-focused on the information recording 
surface of the second optical disk 110' . 

Further, in Fig. 1, the light flux projected from the 
third semiconductor laser 301 (wavelength X,3 = 770 nm - 830 
nm) as the third light source passes the 1/4 wavelength plate 
202, passes the third beam splitter 203, and is reflected by 
the first beam splitter 103, and while the light flux 
diameter is stopped down by the collimator 104, it becomes 
parallel light flux, passes the second beam splitter 105, and 
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is incident on the beam expander (106, 107), and herein, is 
converted into the finite divergent light flux having the 
stronger (larger) divergent angle than in the case of the 
light flux of the second semiconductor laser 201. In the 
same manner, the beam expander (106, 107) can conduct the 
chromatic aberration correction and spherical aberration 
correction. 

In Fig. 1, the light flux transmitted the beam expander 
(106, 107) passes the stop 108 under the finite divergent 
condition having strong divergent angle, and by the objective 
lens 109 formed of only refractive surface, is light 
converged on its information recording surface through the 
protective layer (thickness t3 == 1 . 1 - 1 . 3 mm, preferably, 
1-2 mm) of the third optical disk 110", and forms the light 
converging spot here. 

Then, because the light flux modulated by the 
information pit on the information recording surface and 
reflected, passes again the objective lens 109, stop 108, 
beam expander (107, 106), second beam splitter 105, and 
collimator 104, and is reflected by the first beam splitter 
103, and in succession, reflected by the third beam splitter 
203, and after that, the astigmatism is given by the 
cylindrical lens 204, and it passes the sensor lens 205, and 
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is incident on the light receiving surface of the light 
detector 206, by using its output signal, the reading signal 
of the information recorded in the third optical disk 110" 
can be obtained. 

Further, the light amount change due to the shape 
change and position change of the spot on the light detector 
113 is detected, and the focusing detection or track 
detection is conducted. According to this detection, the 
two-dimensional actuator 120 integrally moves the objective 
lens 109 so that the light flux from the second semiconductor 
laser 201 is image-focused on the information recording 
surface of the third optical disk 110". 

Fig. 2 is a sectional view of the beam expander 
according to the present embodiment, and Fig. 3 is a view 
showing the characteristic of such a beam expander. In Fig. 
3, to the light flux incident on the beam expander, in the 
projected light flux OL, the light intensity distribution is 
corrected, however, it is perfectly uniform, and it is in the 
situation that the intensity of light passing the outermost 
peripheral portion of the effective diameter (herein, 
corresponds to a stop diameter) is about 70 % of the 
intensity of light passing the optical axis position. In 
this manner, when the light amount of the periphery of the 
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light flux is optimized, the optimization of the side-robe of 
the light converging spot is conducted, and the more adequate 
recording and/or reproducing of the information can be 
conducted. 

Lens data of a preferable example as such a beam 
expander is shown in Table 1. Hereupon, it is defined 
hereinafter (lens data in Table is included) that power of 10 
(for example, 2.5 x 10"^) is expressed by using E (for 
example, 2.5 x E-3) . 
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Table 1 





i-th 
Surface 


ri 


di 


ni ( 405nm) 




0 




OO 






1 




1.000 


1-0 


Stop diameter 
(1)2 . 6imn 


LI 


2 


-12 .2508 


0.800 


1.525 




3 


11.1489 


1.011 


1.0 




L2 


4 


13.0940 


1.000 


1.525 




5 


-12.9706 




1.0 





Aspheric surface data 



The second surface aspheric 
surface coefficient 


K -1.7105 X E-0 
A4 +2.0283 X E-2 
A6 +1.4929 X E-3 
A8 -1.5978 X E-3 
AlO +2.1103 X E-4 


The third surface aspheric 
surface coefficient 


K 0 

A4 +1.8405 X E-2 
A6 +2.8517 X E-3 
A8 -2.0989 X E-3 
AlO +2.8568 X E-4 


The fourth surface aspheric 
surface coefficient 


K 0 

A4 -7.8094 X E-3 
A6 +5.2097 X E-3 
A8 -3.2228 x E-4 
AlO 0 


The fifth surface aspheric 
surface coefficient 


K -5.0374 X E-0 
A4 -7.0512 X E-3 
A6 +3.7596 x E-3 
A8 +1.2812 X E-4 
AlO +2.9309 X E-5 



Both surfaces of the objective lens are aspheric 
surfaces shown by [Arith-1] . Where, Z is an axis in the 
optical axis, h is a height from the optical axis, r is a 
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paraxial radius of curvature, K is conical coefficient, and 
A2i is an aspheric surface coefficient • 
[Arith-1] 

:,2 . 



Fig. 4 is a sectional view of the correction lens which 
is a light intensity distribution conversion element 
according to another einbodinient , and Fig. 5 is a view showing 
the characteristic of such a lens. A correction lens 406 
shown in Fig. 5 can be used instead of the beam expander 
(106, 107) in Fig. 1. To the light flux IL incident on the 
correction lens 406, in the projected light flux OL, the 
light intensity distribution is corrected, but, is not 
perfectly uniform, and the intensity of the light passing the 
outermost peripheral portion of the effective diameter 
(herein, corresponds to a stop diameter) in the projected 
light flux OL is made 65 % of the intensity of light passing 
the optical axis position. In the same manner, when the 
light amount of the periphery of the light flux incident on 
particularly objective lens is optimized, the side-robe of 
the light converging spot is optimized, and the more adequate 
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recording and/or reproducing of the information can be 
conducted. 

Lens data of the preferable example as such a 
correction lens is shown in Table 2 . 
Table 2 



i-th 

surface 


ri 


di 


ni(405 run) 




0 




oo 






1 


oo 


5. 000 


1. 0000 


stop 
diameter 

<|)3 . 5 initi 


2 


-2.2933 


2 . 000 


1.5000 




3 


-2.9558 


0. 000 


1. 0000 




4 


oo 


5.000 


1.0000 





Aspheric surface data 



The second surface 


Aspheric surface coefficient 


K -9.9852 X E-1 
A4 +1.2648 X E-2 
A6 +2.3791 X E-3 
A8 -3.1426 X E-4 


The third surface 


Aspheric surface coefficient 


K -3.9775 X E-0 
A4 -9.8474 x E-3 
A6 +2.5830 x E-3 
AS -1.2003 X E-4 



Hereupon, as the light intensity conversion element, it 
may also be a component of the beam shaper, further, at the 
time of production or after that, when the objective lens is 
inclined to the optical axis, the coma can also be corrected, 
or a chromatic aberration correction element may also be 
provided. In the light intensity distribution conversion 
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element, the ratio of the light intensity of the projected 
light flux to the incident light flux may also be locally 
changeable. In the objective lens of the present embodiment, 
plastic is used as a raw material, however, glass may also be 
used as a raw material. Further, in the above-described 
embodiment, the optical pick-up device of the interchangeable 
type by which the recording and/or reproducing of the 
information can be conducted for different optical disks is 
listed as an example, however, it is not limited to this, and 
the present invention can also be applied to an exclusive 
optical pick-up device by which the recording and/or 
reproducing of the information is conducted for a single kind 
of optical disk. 

According to the present invention, when the light flux 
is incident on the objective lens under the condition that 
the light intensity distribution of the light flux projected 
from the light source is optimized, the optical pick-up 
device which can securely conduct the recording and/or 
reproducing of the information for the optical information 
recording medium, can be provided. 



